The meaning of a speech stream is communicated by more than the particular words used by the speaker. For example, speech melody, referred to as prosody, also contributes to meaning. In a cross-modal priming study we investigated the influence of emotional prosody on the processing of visually presented positive and negative target words. The results indicate that emotional prosody modulates word processing and that the time-course of this modulation differs for males and females. Women show behavioural and electrophysiological priming effects already with a small interval between the prosodic prime and the visual target word. In men, however, similar effects of emotional prosody on word processing occur only for a longer interval between prime and target. This indicates that women make an earlier use of emotional prosody during word processing as compared to men.
Introduction
example, a verbal message such as 'That was a good idea!' spoken with an angry voice is unlikely to be a compliment. Context in the word processing literature is usually Nevertheless, the time-course of the interaction between conceived of as the semantic structure established by the emotional prosody and word meaning has not been investiwords in a sentence [8, 23] . That semantic structure or gated to date. If emotional-prosodic context modulates context facilitates word processing has been shown in word processing in a similar fashion as semantic context, numerous priming studies [18, 22] . In these studies, faster then it should elicit priming effects comparable to those reaction times and higher accuracy rates were obtained for obtained for semantic priming. Because women are retarget words that matched the preceding sentence context ported to be more emotionally expressive [6, 20] than men, as compared to target words that did not match. Eventas well as better able to understand emotional expression related potentials (ERPs) are also sensitive to the effects of from faces, gestures and voices [10], we were concerned context during word processing. For example, the amthat women would differ from men in their reliance on plitude of the N400 component, a negative going waveemotional-prosodic cues. To address this possibility, we form that peaks around 400 ms following word onset, is included sex as a factor in our data analyses. smaller when a word matches the preceding semantic
To establish emotional-prosodic priming in men and context as compared to when it does not [14] .
women we conducted a cross-modal priming study. Primes Context, however, is not limited to semantics. In everywere semantically neutral German sentences spoken with day communication, non-verbal cues, such as emotional either a happy or a sad intonation (e.g., 'Yesterday she had prosody, reveal additional sources of information [3, 4] . For her final exam.'). Following each prime a visual target appeared in the centre of the computer screen in front of the subject. The target was either a German word or a to the sentence final word. For half of these legal words, word valence and prime prosody matched (e.g., 'success' The interstimulus interval (ISI) between prime and target following a happy intonation) whereas for the remaining was 200 ms. words, word valence and prime prosody did not match Testing was carried out in a soundproof and electrically (e.g., 'failure' following a happy intonation). Participants shielded chamber. Subjects were seated in a comfortable indicated whether the target was a word or a pseudoword chair facing a computer monitor at a distance of 1.15 m. In by pressing one of two buttons. Furthermore, subjects were order to familiarise participants with the task, each extold that the auditory primes were not relevant to the task perimental session started with a block of eight practice and that they should just listen to them.
trials. Half the subjects responded to words with their right hand and to pseudowords with their left hand. For the remaining subjects the response pattern was reversed. CP6, CP4, P8, P6, P4, PO8, PO4, O2). ERPs measured at For all experimentally relevant sentences two correanterior and posterior regions of interest (ROIs) established sponding words were selected on the basis of a prior the factor Anterior / Posterior in the statistical analysis and association study. One word had a positive meaning and ERPs measured at right and left hemisphere ROIs estabthe other word a negative meaning. Both groups of target words did not differ in word frequency (Celex [2] ) and word length. A prior rating with a different group of subjects ensured that positive and negative words differed significantly in valence but that absolute valence strength was identical (i.e. positive words were rated as positive as negative words were rated negative). For 20 out of the 50 filler sentences, an affectively valenced filler word as well as a pseudoword was selected. In a given experimental session, half the filler words matched the prosodic valence of the preceding filler sentence and half did not. For each of the remaining 30 filler sentences two pseudowords were selected. Each sentence was presented twice with a positive prosody and twice with a negative prosody. The target word following the sentence had either the same or a different valence as the sentence prosody. This sums up to four experimental conditions: match and mismatch condition for positive target words as well as match and mismatch condition for negative target words. Happy and sad filler sentences were also presented twice followed by either a happy or a sad word or a pseudoword, respectively. To avoid repetition effects, the stimulus material was lished the factor Hemisphere. ERPs were quantified as mean amplitudes in three different time windows in each of the ROIs. Three separate ANOVAS were conducted for the following three time windows: the P200 (150-300 ms), the N400 (300-550 ms), and the P300 (550-700 ms). Match (match / mismatch), Target (positive / negative), Anterior / Posterior (anterior / posterior) and Hemisphere (left / right) were repeated factors and Sex was a betweensubjects factor. Significant interactions are reported only when post hoc comparisons revealed significant effects. For illustration only, grand averages were smoothed with mismatch between prime and target (dotted line) elicited a larger N400 response compared to a match (solid line) only in female subjects. This priming effect started to differentiate in the P200 and was also present in between men and women. Women responded faster to action was not modified by either Hemisphere or Anterior / target words that matched the valence of the preceding Posterior (F ,1).
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prime's prosody compared to non-matching words (F 5
Male subjects failed to demonstrate the expected be-1,15
6.45, P,0.05; Fig. 2b ). Additionally, female subjects havioural and electrophysiological emotional-prosodic showed a smaller N400 amplitude for the match as priming effects (F ,1). Moreover, a significant Sex by 1, 15 compared to the mismatch condition (F 519.42, P, Target interaction in the reaction time data (F 510.37,
0.001; Fig. 3 ). This emotional-prosodic priming effect P,0.01) indicated different processing for negative and already started to differentiate in a preceding ERP compositive words in men but not in women. Male participants ponent, the P200 (F 57.25, P,0.05), and was still showed faster reaction times to positive target words as 1, 15 present in the later P300 (F 57.64, P,0.05). Consecompared to negative target words independent of the 1, 15 quently, the match conditions differed significantly from prime's prosody (F 525.27, P,0.001; Fig. 2a) . A 1, 15 the mismatch conditions between 150 and 700 ms followstatistical analysis of the accuracy data revealed no significant effects. Across conditions, participants' accuracy scores were above 97%. In sum, these results suggest that shortly after the prime, women and men process the target word in very different ways. While women clearly use the prosodic context during the processing of the target word, men process the target word with regard to word valence, but completely independent of prosodic information.
To determine whether prosodic information differentiates matching from non-matching targets in men at a later point in time, a second experiment with a longer ISI (750 ms) was conducted.
Experiment 2

Methods
Sixteen males and 16 females that did not participate in Experiment 1 were recruited for Experiment 2. Female impairments.
Stimulus material and procedure were comparable to However, there was no behavioural priming and the Experiment 1, with the exception that the stimulus interval priming effect in the ERP was restricted to the N400 time between prime and target was now 750 ms.
range Post hoc comparisons indicated that women no longer pectancy judgement followed every experimental session. show emotional-prosodic priming (F ,1) . Also the In the expectancy judgement, as in the priming experi- 1, 15 reaction times revealed no significant priming in women. ments, subjects heard a sentence and then saw a correThe Match by Sex interaction was non-significant (F 5 sponding target word on the computer screen. Subjects In males, reaction times no longer differentiated bebetween the first and the second experiment (F ,1).
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tween positive and negative target words (Fig. 2d) . InHowever, there was a significant Target main effect stead, ERPs indicated significant emotional-prosodic indicating that target expectancy was higher for positive as priming. Emotional congruence between prime and target compared to negative targets (F 5119.30, P,0.0001; 1, 61 elicited a smaller N400 as compared to incongruence Fig. 5 ). This valence effect is in accordance with earlier (F 56.07, P,0.05; Fig. 4) . In contrast to the priming findings of negative events being less expected and captur- 1, 15 effect reported for women in the previous experiment, the ing more attention [5, 16] . Additionally, a match between priming effect in men was restricted to the typical N400 the target valence and prime's prosody was experienced as time range between 300 and 550 ms following word onset. more expected than a mismatch (F 5149.69, P,
The lack of an interaction with the factors Anterior / 0.0001). Posterior and Hemisphere (F ,1) indicated that the 1, 30 N400 effect was broadly distributed over the scalp. Again, no effects were found for accuracy. Subjects performed equally well across conditions. Taken together, the second experiment supports the notion of processing differences in men and women. With the longer ISI, word processing in male subjects profits to some extent from the given emotional-prosodic context. presented in (a), male subjects and (b), female subjects. Experiment 2 (ISI response compared to a match (solid line) only in male subjects. 750 ms) is presented in (c), male subjects and (d), female subjects.
Dichotic listening
language processing. This advantage might arise from differences in the processing as well as the organisation of Meta-analyses, summarising several dichotic listening language in the brain. For example, multiple findings from studies indicated that women are less lateralised than man fMRI [21], dichotic listening [11] and visual laterality when processing language [11, 17] . Because this could studies [12] suggest stronger lateralisation of language explain the temporal advantage of women in our data, all functions to the left hemisphere in males, whereas lansubjects were reinvited to participate in a dichotic listening guage functions in females tend to be organised more experiment. Fifty-five of the 64 ERP participants returned bilaterally. Because the processing of emotional prosody is for the dichotic listening study. One woman and three men thought to be lateralised to the right hemisphere [19] , were missing from Experiment 1; two women and three women might profit from shorter neuronal connections men were missing from Experiment 2. The subjects between areas that process language and areas that process listened over headphones, first monaurally and then binauremotional prosody. The dichotic listening test in our ally, to a series of rhyme words (e.g., bank and tank). Their subjects, however, failed to reveal even a tendency toward task was to chose from a set of four words presented on a sex difference in language lateralisation. the computer screen the one they thought they had just Besides lateralisation, interhemispheric connectivity heard. In the case of binaural presentation, they had to could be responsible for the faster interaction between report the more dominant word. For each subject a Lambda emotional prosody and word information in women. Brain coefficient was computed, which entered an ANOVA with structures connecting both hemispheres, such as the anSex and Experiment (ISI 200 / ISI 750) as between-subject terior commissure, the massa intermedia and the splenium factors. The results indicate that male and female subjects of the corpus callosum are somewhat larger in women than did not differ significantly in language lateralisation in men [1, 15] . One might assume that greater interconnec-(F ,1).
tivity facilitates the transfer of information between the 1,51 two hemispheres. However, interhemispheric transmission time has been found to be shorter in men than in women 5. Discussion [9] . Therefore, reasons other than lateralisation and connectivity might contribute to the present findings. For In two cross-modal priming experiments, we found example, language processing itself may differ between evidence for the influence of emotional prosody on word men and women so that depending on sex the different processing. Words that were congruent in valence to the types of information play a different role throughout emotional-prosodic context were responded to faster and language processing. Given the faster integration of emoelicited a smaller N400 amplitude as compared to incontional prosody and word information in women we would gruent words. In the word processing literature, the N400 like to argue that, compared to men, women more autocomponent is thought to reflect the integration of a word in matically rely on emotional-prosodic context when prothe preceding semantic context [7] . A variety of ERP cessing language. studies demonstrated that the stronger the semantic context
In contrast to previous studies [6, 10, 20] of sex differand the easier the integration of a word the smaller is the ences in emotional tasks, our results do not suggest that N400 amplitude elicited by the word [14, 13] . The present women are simply 'more emotional'. In fact, both men and findings indicate a similar sensitivity of the N400 comwomen show strong valence effects. Furthermore, when ponent to emotional-prosodic context. Therefore, we argue asked to judge target expectancy both sexes use the that emotional prosody guides the contextual integration of prosodic context to guide their judgement. Women, howa word similar to semantics. ever, profit very early from emotional-prosodic cues when Although present in both men and women, the timeprocessing words while men initially focus solely on word course of this integration process differs as a function of valence. Moreover, this time difference suggests that, the sex. In women, the behavioural and ERP data indicate an combined processing of emotions from words and prosody interaction between word meaning and emotional-prosodic might be more efficient in women as compared to men. context with a short ISI (200 ms). Furthermore, the N400
Given that in connected speech the duration of a twoeffect in the ERP starts no later than 150 ms following syllabic word seldom exceeds 600 ms with the next word word onset. In men, the behavioural and ERP data for the immediately following, a processing difference of a few short ISI (200 ms) reflect context independent processing hundred milliseconds is likely to be of functional imporof the word valence. An N400 effect indicating emotionaltance. However, this female advantage may only apply to prosodic priming is evident only with the longer ISI (750 situations in which emotions are expressed on a verbal and ms). Moreover, this effect begins to differentiate match and a prosodic level but not for verbal processing alone. mismatch condition 300 ms following word onset, which is
The present findings establish for the first time that 150 ms later than the N400 effect found in women.
under certain circumstances speech processing in men and Our results clearly indicate that, compared to men, women can be different. At the same time these findings women make a faster use of emotional prosody during give rise to other questions such as whether there are sex
